Background: Frailty is a state of vulnerability to poor resolution of homeostasis following a stressor event, such as chemotherapy or cancer surgery. Better knowledge of the epidemiology of frailty could help drive a global cancer care strategy for older people. The aim of this review was to establish the prevalence and outcomes of frailty and pre-frailty in older cancer patients.
introduction
The ageing global population presents considerable challenges for the planning and delivery of healthcare services internationally. Cancer disproportionately affects older people, with more than one-third of cancers diagnosed in those over the age of 70 [1] . Current UK projections indicate that by 2030, 76% of men with cancer and 70% of women with cancer will be aged over 65 years [2] . An international strategy is required to address the implications of population ageing for cancer care services [3] .
Older cancer patients are often under-treated, are underrepresented in clinical trials, and have poorer outcomes than younger individuals [4] [5] [6] [7] . Chronological age alone is a poor predictor of cancer treatment tolerance [8] and the heterogeneity of the older cancer patient population requires a carefully tailored approach to care that considers individual frailty.
Frailty is a state of vulnerability to poor resolution of homeostasis following a stressor event. It develops as a consequence of cumulative decline across multiple physiological systems and increases the risk of adverse outcomes [9] . In the general population, ∼10% of people aged 65 and over have frailty, rising to between 25% and 50% of those aged 85 and over [10] . Both cancer and the systemic treatments offered by oncologists are significant stressors that have the potential to challenge physiological reserve. Better knowledge of the epidemiology of frailty in older cancer patients is essential to drive a global strategy of cancer care for older people. It will guide shared treatment decisions based on an individualized balance of risk and benefit.
The phenotype model, cumulative deficit model and comprehensive geriatric assessment (CGA) are the three most evidence-based approaches to the identification of frailty. The phenotype model identifies frailty on the basis of three or more physical characteristics (unintentional weight loss, exhaustion, low energy expenditure, slow gait speed and weak grip strength) [11] . Those with one or two characteristics are categorized as pre-frail. The cumulative deficit model defines frailty as the cumulative effect of individual deficits, which are clinical signs, symptoms, disease states, disabilities and abnormal laboratory test results [12] . CGA is a multidimensional, multi-disciplinary assessment process that relates directly to individualized treatment plans [13] . It is recognized as the best clinical practice standard test for the identification of frailty and has been widely adopted in routine care [14] . It has also been applied more recently in the geriatric oncology setting [15] .
objective
The objective for this review was to evaluate the available evidence on the prevalence and outcomes of frailty in older cancer patients.
methods
The methodology and reporting of this review followed published international guidance [16] .
protocol and registration
The review protocol is registered on the PROSPERO database (registration number CRD42014006990) and is available at http:// www.crd.york.ac.uk/PROSPERO/printPDF.php? RecordID=6990&UserID=5296.
eligibility criteria
Observational studies that reported data on the prevalence and/ or outcomes of frailty in older cancer patients with any stage of solid or haematological malignancy were considered potentially eligible. Data from clinical trials were only considered if the trial eligibility criteria identified participants that were representative of the general older cancer patient population. Review articles, retrospective casenote studies, case reports and case series were excluded.
Studies that identified frailty using one or more of the established frailty models ( phenotype model, cumulative deficit model, CGA) as the diagnostic criteria were included. For this review, CGA was defined as a multi-disciplinary assessment that used validated tools, and included assessment of at least three of the following domains: function; mobility or falls; cognition; mood; co-morbidity; polypharmacy; presence of geriatric syndromes; nutrition; and social support. Studies that used CGA without reference to frailty were included where sufficient data were provided regarding which domains were assessed and the number of participants with each number of deficits.
Studies in which the mean age of participants was <70 years, or where CGA had not been carried out in all patients were excluded. Studies that used chronological age to define frailty were also excluded, unless separate data were reported for the number of deficits on CGA.
information sources
A Medline search strategy was developed by a research librarian at the University of Leeds and was adapted for CINAHL, Cochrane Library, EMBASE, Web of Science, Allied and Complementary medicine, Psychinfo and ProQuest. All databases were searched between 1 January 1996 and 30 June 2013. The search was restricted to English language publications.
study selection
Two independent reviewers screened all titles and abstracts to identify potentially eligible studies. Two independent reviewers assessed the full texts of potentially eligible studies for inclusion in the review on the basis of the stated eligibility criteria. Any disagreements were settled by consensus.
data extraction
Two independent reviewers extracted data using a piloted data extraction form, with any disagreements settled by consensus.
outcomes
The primary outcomes for this review were prevalence of frailty, treatment-related side-effects, unplanned hospitalization and mortality. Secondary outcomes included progression of frailty, health-related quality of life, performance status and treatment termination due to intolerable side-effects.
clinical heterogeneity
We anticipated the possibility of different cut-points for frailty using the phenotype model and frailty index. We also anticipated that the domains included and cut-points for frailty using CGA might not have been standardized across included studies. We therefore extracted data on the cut-points for all the reference standards and the domains included for CGA, as reported by the study authors. When information for CGA was missing or unclear, we defined frailty as the presence of two or more impairments.
risk of bias in individual studies
Two independent reviewers assessed risk of bias at the study level using the Newcastle-Ottawa checklist [17] . Studies were assessed on the domains of selection, comparability, exposure and outcome. For each domain, a judgement of low, unclear or high risk of bias was made. Studies were assessed as at overall low risk of bias if all individual domains were judged at low risk; studies were judged as at overall high risk of bias if any individual domain was judged at high risk; studies were judged as at overall unclear risk of bias in all other cases. The assessment of risk of bias was to inform a sensitivity analysis that included only data from studies judged at low overall risk of bias.
summary measures
Adjusted outcome data control for important confounding variables using multivariate analyses so are considered more reliable estimates. We extracted adjusted risk ratios (RRs) and odds ratios (ORs) with associated 95% confidence intervals (CIs) for dichotomous outcomes. We extracted adjusted hazard ratios (HRs) with associated 95% CIs for time to event data. For all these outcomes, evidence of adjustment for at least two of the important confounding variables of age, co-morbidity and cancer stage was sought. Where these summary measures were not presented, primary data were extracted to calculate unadjusted risk ratios by random effects modelling using RevMan 5.2 software.
For adjusted outcomes, we calculated natural logarithms of RRs, ORs and HR and their associated standard errors to create summary forest plots by generic inverse variance random effects modelling using RevMan 5.2 software.
sensitivity analyses
To investigate the effects of clinical heterogeneity and methodological bias on prevalence estimates, we ran a sensitivity analysis that only included data from studies at low risk of methodological bias as the most reliable estimates.
results

study selection
A PRISMA diagram summarizing flow of studies through the review is presented (Figure 1 ). The search identified 4102 articles, of which 180 were considered potentially eligible for inclusion. Following review of full-text articles, a total of 22 studies from 20 cohorts evaluating 2912 participants are included.
study characteristics
Characteristics of included studies are presented in Table 1 . The median sample size was 113 (range 37-650). The majority (n = 15) of studies were located in hospital outpatient departments. Ten studies [18, 24, 27, 28, [31] [32] [33] [36] [37] [38] included patients with a variety of cancer types, 10 [19-22, 25, 26, 29, 30, 34, 35] included patients with just one cancer type and 2 studies did not specify the type of cancer [23, 39] (Table 1) . Sixteen studies used CGA as the reference standard for frailty diagnosis (Table 2) , five used the phenotype model (Table 3 ) and one study used both CGA and the phenotype model. All studies reported data on frailty prevalence, and seven publications from five studies reported data on outcomes.
risk of bias within studies
The risk of bias was low in eight studies [19, 25, 26, 31-33, 37, 38] and high in five studies [18, 24, 29, 34, 36] . The remaining studies had an unclear risk of bias [20, 21, 27, 28, 30, 35, 39] . For patient selection, the risk of bias was generally considered to be low. Studies were considered at high or unclear risk of bias due to the use of patient-reported outcome measures [29, 34, 36] or no description of patients lost to follow-up [20] [21] [22] 35] .
CGA domains included and methods used
The 16 studies that used CGA for diagnosis of frailty assessed a variety of domains ( Table 2 ). The median number of domains assessed across all studies was seven (range [3] [4] [5] [6] [7] [8] [9] , and all studies evaluated cognition and function using a range of validated assessment tools. Other domains included in CGA were mobility, nutrition, mood, fatigue, polypharmacy, social support and comorbidity. Fatigue, polypharmacy and social support were least often included, being assessed in less than half of studies. Nine studies described which member of the multi-disciplinary team completed CGA. In five studies [25-27, 30, 37] , CGA was completed by a physician (geriatrician or oncologist), another four studies [18, 24, 31, 38 ] employed a trained researcher. In one study, all participants were assessed by a multidisciplinary team comprising an oncologist, geriatrician, occupational therapist and dietician [36] .
The processes involved in CGA varied between studies. Nine studies included a review of medical records [20, 21, 24-26, 30-32, 36] , seven carried out face-to-face interviews [18, 24, 30-32, 37, 38] , two carried out telephone consultations with patients at home [20, 21] and five studies used self-reported questionnaires [18, 30, 34, 36, 38] .
thresholds used to define frailty
Eight studies [18, 20, 21, 24, 27, [29] [30] [31] dichotomized patients as either frail or fit ( Table 2) . Four of these [18, [29] [30] [31] used the presence of impairments in two or more CGA domains to define frailty; two [20, 21] used three or more as the cut-off; one study [24] defined frailty as two or more CGA impairments or cognitive impairment only and one reported that two independent physicians defined frailty on the basis of CGA [27] . Two studies that applied CGA did not provide a detailed description of the method used to define frailty, but they assessed at least six individual domains [34, 39] .
Eight studies [25, 26, 28, 32, [36] [37] [38] categorized patients as frail, pre-frail or 'vulnerable', or fit. There was variation in the cut-off values used to define frailty and pre-frailty following CGA (Table 2) .
Six studies used the phenotype model to define frailty [19, 22, 23, 25, 26, 35] . Three studies used the original criteria proposed by Fried to define frailty or pre-frailty [19, 25, 26] . One study defined frailty as the presence of three or more of the five phenotype characteristics, but classified all other participants as fit [35] . The remaining studies differed in their definition of frailty, using thresholds of one and four variables to define frailty (Table 3) .
prevalence of frailty
Prevalence data for those categorized as frail, pre-frail and fit are summarized in Table 4 . The median prevalence of frailty across all studies was 42% (range 6%-86%) and the median prevalence of pre-frailty was 43% (range 13%-79%). A median of 32% (range 11%-78%) of patients were classified as fit.
The median prevalence of frailty across studies that identified frailty using CGA was 43% (range 7-68), compared with a median frailty prevalence of 13% (range 6-86) for studies that applied the To et al. [36] ), compared with a median of 49% (range 14-72) for studies using the phenotype model. The prevalence of frailty in studies that used CGA was compared with the different cut-points used to define frailty ( Table 5 ). The median prevalence for studies using two or more deficits to define frailty was 62% (range 43%-68%). The prevalence of frailty was lower in studies that used the presence of three or four deficits on CGA to identify frailty.
outcomes of frailty
Seven studies involving 1221 patients reported data regarding frailty outcomes [20, 21, 25, 26, 32, 35, 36] . Five studies reported multivariate analyses on outcomes of mortality and treatmentrelated complications, adjusting for the effects of at least two of the key confounders of age, cancer stage and sex. These studies are presented in summary forest plots (Figures 2 and 3) .
mortality. Three studies reported the effects of frailty on mortality [20, 25, 32] (Figure 2 ). All three reported data that were appropriately adjusted. There was a statistically significant association between frailty and all-cause mortality at 5, 7 and 10 years follow-up (adjusted 5-year HR 1.87, 95% CI 1.36-2.57; adjusted 7-year HR 2.31, 95% CI 1.40-2.94; adjusted 10-year HR 1.74, 95% CI 1.39-2.18) [20, 21] . Five-and 10-year HRs for mortality were marginally higher for older breast cancer patients with frailty (adjusted 5-year HR 1.95, 95% CI 1.18-3.20; adjusted 10-year HR 1.99, 95% CI 1.21-3.28) [20] . There was considerable uncertainty regarding the association between frailty and 6-month mortality (adjusted HR 4.51, 95% CI 0.49-41.38) and pre-frailty and 6-month mortality (adjusted HR 3.86, 95% CI 0. 41-36.18) [32] with notably wide confidence limits. Postoperative 30-day mortality was higher in frail patients defined using both the phenotype model (adjusted HR 2.67, 95% CI 1.08-6.62) and CGA (adjusted HR 3.39, 95% CI 1.82-6.69), and was also greater in patients identified as pre-frail using the phenotype model (adjusted HR 2.33, 95% CI 1.20-4.52) [25] .
treatment-related complications unadjusted data: One study reported an increased risk of serious 30-day postoperative complications (identified using the Clavien system) [40] in those with frailty (HR 4.08, 95% CI 1.43-11.64) [35] . A second study reported no significant differences in postoperative complications [defined using the American college of surgeons national surgical quality improvement programme (NSQIP) definition] of postoperative complications [41] for those with frailty (OR 6.4, 95% CI 0.89-45.99) or prefrailty (OR 0.36, 95% CI 0.04-3.54) [22] .
One study identified an increased risk of 30-day re-operation for those with frailty (OR 2.8, 95% CI 1.06-7.41) [26] . One study reported an increased risk of readmission in surgical oncology patients with frailty (OR 2.8, 95% CI 1.06-7.41) [26] , but a second identified no significant difference (OR 4.00, 95% CI 0.21-75.66) [22] .
adjusted data: Three studies reported adjusted data for the treatment-related complications of frailty (Figure 3) . One study reported an increased risk of treatment intolerance in those with frailty (OR 4.86, 95% CI 2.19-10.78) [21] . One study reported an increased risk of severe 30-day postoperative complications (grade II-IV using the Clavien system [41] ) in those with frailty (adjusted HR 3.19, 95% CI 1.68-6.04) [26] . One study reported no significant increase in risk of grade 3-5 chemotherapy toxicity in those with pre-frailty or frailty (pre-frail OR 1.36, 95% CI 0.36-5.15, frail OR 1.32, 95% CI 0.36-4.84) [32] , although wide confidence limits indicate considerable uncertainty.
sensitivity analyses
The median prevalence estimates for frailty and pre-frailty in the eight studies at low risk of methodological bias were 43% (range 6%-56%) and 45% (range 24%-79%), respectively [19, 25, 26, 31-33, 37, 38] . Table 3 . Cut-offs used to define frailty in studies using the phenotype model Study Thresholds used to define frailty/pre-frailty Bylow et al. [19] Frail: 3 domains impaired Pre-frail: 1-2 domains impaired Courtney-Brooks et al. [22] Frail: ≥4 domains impaired Pre-frail: 2 or 3 domains impaired Degesys et al. [23] Frail: ≥1 domain impaired Kristjansson et al. [25, 26] * Frail: 3 domains impaired Pre-frail: 1-2 domains impaired Tan et al. [35] Frail: ≥3 domains impaired *The prevalence of frailty was determined using both CGA and the phenotype. This systematic review has identified that prevalence of frailty and pre-frailty in older cancer patients is high, with the median estimates of 42% and 43%, respectively. The majority of studies used CGA to categorize patients as frail or fit, but there was considerable variation in content and approach to assessment resulting in notable variation in estimates between studies. The median prevalence estimates from studies using CGA as the reference standard were generally higher than studies that applied the phenotype model. The median prevalence estimates of 43% and 45% for frailty and pre-frailty were obtained when results were restricted to studies at low risk of methodological bias. Importantly, our findings indicate that, on the basis of either a CGA or phenotype model, less than half of older cancer patients are likely to be fit.
outcomes of frailty
Adjusted data from a small number of studies at low risk of methodological bias indicate that older people with frailty and pre-frailty are at considerably increased risk of all-cause mortality, postoperative mortality, chemotherapy intolerance and postoperative complications. These patients may also be at increased risk of chemotherapy-related side-effects, but there is considerable uncertainty regarding this outcome.
strengths of review
This systematic review has followed rigorous methodology to identify and summarize the available evidence on prevalence and outcomes of frailty in older cancer patients. Studies were only included if an internationally recognized reference standard for frailty diagnosis was applied. All studies were assessed for risk of methodological bias using a recognized tool to inform interpretation of data. For prevalence data, results from studies that used different models of frailty assessment were compared and the most robust estimates were identified through a sensitivity analysis. For outcome data, the most reliable estimates were identified by summarizing data from studies at low risk of methodological bias that adjusted for important confounding variables.
limitations of review
The main limitation of this review was the range of cut-points used for frail, pre-frail and fit patients. Half of all studies categorized patients as frail, pre-frail or fit, while the remaining studies dichotomized patients as either frail or fit. Studies using CGA as the reference standard defined frailty using a range of cut-points. Studies that used the phenotype model also categorized patients using different methods. The range of methods used precluded pooling of prevalence data to generate more reliable estimates. However, despite this complexity, our estimates of frailty and pre-frailty prevalence obtained in the sensitivity analysis should be considered as the most robust estimates available. An additional limitation was the relatively small number of published studies investigating the association between frailty and outcomes. Many of these studies were underpowered, including only small numbers of patients. Three studies focused on the surgical complications of frailty, and only one study reported information about the effect of frailty on cancer treatment toxicity. However, adjusted estimates of associations between frailty and mortality, chemotherapy intolerance and postoperative complications were obtained from larger studies at low risk of methodological bias, which indicates that these results can be considered reliable.
Another limitation of this review is that the majority of the adjusted outcome data are from studies of patients with colorectal and breast malignancies. However, although a degree of caution should be applied, these estimates are adjusted for important confounders including age, co-morbidity and cancer stage, indicating that frailty is the independent risk factor, which adds confidence regarding generalizability of results across other cancer types.
Prevalence estimates were mainly obtained from studies conducted in hospital outpatient settings. Some patients with frailty, particularly those with more advanced frailty, might not have been referred by the diagnosing clinician to secondary care for outpatient evaluation, which means that true prevalence of frailty in cancer patients may have been underestimated.
other evidence
To our knowledge, this is the first review of the prevalence and outcomes of frailty in older cancer patients. Three recent reviews [42] [43] [44] have investigated the use of geriatric assessment in older cancer patients, mainly focusing on diagnostic accuracy, but none have investigated the identification of frailty to predict outcomes.
A recent review investigated the wider prevalence of frailty in a non-cancer population. In 21 studies of 61 500 patients, the weighted mean prevalence of frailty was 9.9% (range 4%-59%), which is notably lower than the median prevalence estimate obtained in our review [45] . There is considerable overlap between the pathophysiology of cancer and ageing, with potential common mechanisms including genomic instability, which is a hallmark of the biology of both cancer and ageing [46] . Our findings of a notably high prevalence of frailty in cancer patients may lend support to the possible presence of these common mechanisms.
The International Society of Geriatric Oncology (SIOG) has recently published updated guidance on the use of geriatric assessment in older cancer patients [47] . The guidelines do not specifically recommend frailty assessment, but do recognize the importance of geriatric assessment in an older cancer patient population, and acknowledge the lack of a robust screening tool that is able to predict the outcome of a CGA.
conclusions and recommendations
Our findings indicate that over half of older cancer patients have frailty or pre-frailty, and these patients are at considerably increased risk of mortality, postoperative complications and chemotherapy intolerance. Current treatment decisions are often based on clinical judgement, which varies between clinicians and may also be subject to bias. The findings of this review support routine assessment of individual frailty and fitness in older cancer patients to guide treatment decisions. Failure to detect frailty potentially exposes older cancer patients to treatments from which they might not benefit, and indeed may be harmed. Conversely, failure to consider cancer treatment options for fitter older people on the basis of age alone is unacceptable.
International standardization of cut-points for frailty in the geriatric oncology setting would help make study findings more comparable, and assist in pooling of data for meta-analysis. There was a notable absence of the use of the cumulative deficit model of frailty in the geriatric oncology setting. This model has been demonstrated to correlate well with other frailty models but define risk of adverse outcomes more precisely. A study to compare convergent and criterion validity between the phenotype model, cumulative deficit model and CGA would help standardize cut-points for frailty in the geriatric oncology setting. 
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Future clinical trials of cancer treatments in older patients should include methods to select and stratify participants on the basis of frailty, and correlate these methods with cancer outcomes. Improved cancer services for older people should consider geriatrician involvement to help guide the care of those with frailty, including pre-treatment optimization and shared decision-making based on an individual balance of risk and benefit.
funding
There was no external source of funding for this review. disclosure
